Patients with skeletal muscle disease exhibit symptoms that are remarkably similar no matter what causes the underlying disease process. Any disability from weakness and atrophy can be helped with balanced nutrition and a daily exercise program that emphasizes stretching. Bracing, surgical correction of deformities, and adaptive aids are often of additional benefit. In patients who have dysphagia and/or respiratory insufficiency, careful monitoring of swallowing and breathing, and intensive respiratory therapy are necessary to avoid life-threatening complications.
A major part of any rehabilitation program should be to assist disabled citizens to accept and to adapt to their limitations while continuing to look optimistically toward the future. It is important that the physician not let technology replace human sensitivity and compassion. Hans Zinsser, MD, reminds us: &dquo;In medicine the problem is to find a solution which shall meet the requirements of effective scientific care of all those who require it, and retain at the same time that sense of personal responsibility, compassion and judgment, without which the physician becomes a mere technician.&dquo;
Classification of Muscle Disease
The following is a brief summary of clinical features found in specific muscle diseases. As the focus of this article is rehabilitation, however, the reader may wish to refer to textbooks listed in the references for more complete descriptions of each disorder.
The clinician should suspect primary muscle disease in patients relating a story of gradual, progressive, symmetrical limb weakness. As sensation and reflexes remain normal, there is little difficulty in dif-I ferentiating muscle disease from processes affecting peripheral nerve, sensory ganglia, the brain, or spinal cord. Confusion might arise in the atypical case of motor neuron disease with symmetrical weakness or in neuropathies in which motor involvement is disproportionately greater than sensory change. A convenient classification of the major categories of muscle disease as defined by pathological change in muscle biopsy specimens is given in Table 1 . With few exceptions, all present with slowly progressive, symmetrical weakness.
The Dystrophies
Duchenne and Becker Dystrophy. These Xlinked disorders commonly present in childhood, ages 4-9 years, with a history of clumsiness and frequent falls. Progression to wheelchair dependence by the age of 10 years is the rule in the Duchenne form, whereas the milder Becker dystrophy patients can often continue to walk throughout adolescence, and in some cases well into their twenties. Before diagnosis is established, parents or teachers may observe that children lack stamina and are not as physically agile as their peers. As the children lose strength in hip girdle muscles, they resort to their arms to arise from the floor (Gower's sign). Once in a wheelchair, leg contractures develop, the feet invert (equinovarus deformity), and progressive kyphoscoliosis develops. Children with Duchenne dystrophy become totally immobile in their teens, requiring complete care for all activities of daily living. Most succumb to respiratory insufficiency by the late teens or early twenties.
Facio-scapulo-humeral (FSH) and Scapulo-peroneal (SP) Dystrophies. The most significant clinical abnormality of these dominantly inherited disorders is slowly progressive weakness of scapular suspension muscles with a tendency of the scapulae to &dquo;wing&dquo; away from the chest wall. Accompanying facial weakness in FSH dystrophy often is overlooked. Shoulder weakness in FSH dystrophy may 204 Table 1 . Primary muscle diseases and inheritance be first noted in childhood, but more commonly patients are unaware of any arm weakness until their twenties or thirties. Leg involvement is quite variable. Many patients have no lower extremity weakness, but gradually progressive weakness of the legs with a steppage gait, increasing lumbar lordosis, and even a positive Gower's sign can occur. Patients with SP dystrophy usually have prominent weakness of foot dorsiflexors. These disorders are gradually progressive, but few patients lose the ability to ambulate.
Limb Girdle Dystrophy. Limb girdle dystrophy is an autosomal recessive disorder in which a pattern of shoulder girdle weakness similar to FSH develops in children or adults, but in which facial weakness is absent or minimal. Additional, and often striking, weakness of proximal lower extremities is present in some, causing progressive difficulty with walking 5-20 years after the onset of weakness. Myotonic Dystrophy. Patients with this autosomal-dominant disease have a characteristic facial appearance (ptosis, temporalis, and masseter wasting, frontal balding, swan neck deformity) and systemic involvement (cardiac arrhythmias, cataracts, intellectual deficits, hypersomnolence, and gastrointestinal abnormalities). Onset may be as early as birth, but more commonly patients are well into their twenties and thirties before symmetrical, progressive muscle weakness appears. The muscles involved early on are distal so that complaints of grip weakness and tripping owing to foot dorsiflexion weakness are common. A nasal, indistinct speech and percussion myotonia of the thenar musculature is characteristic. Potentially life-threatening problems include dysphagia, cardiac conduction defects, and hypoventilation..
Illflammatory Muscle Diseases
The pathogenesis of polymyositis and dermatomyositis is based on autoimmune mechanisms that may be part of more generalized connective tissue disorders, such as systemic lupus erythematosus, rheumatoid arthritis, scleroderma, or other &dquo;overlap&dquo; disorders. A common complaint is difficulty climbing stairs and maintaining arms above the head, both the result of inflammatory changes in proximal musculature. Unless the disease is accurately diagnosed and treated with immunosuppressive therapy, progression is inevitable, with involvement of distal muscles as well. On occasion, cardiac and respiratory complications may develop. Inclusion body myositis is a recently described sporadic disorder that also causes inflammation in muscle, but progresses despite immunosuppressive therapy. Weakness may be asymmetrical, but eventually affects all four extremities.
Metabolic and Storage Diseases Abnormal storage of glycogen or lipid resulting from specific biochemical defects can cause diffuse muscle weakness. In some of these patients, respiratory muscle weakness is the initial symptom that brings the patient to a physician, who may discover, incidentally, generalized muscle weakness. An excess of mitochondria, lipid, or glycogen within muscle on muscle biopsy is crucial to an accurate diagnosis, and specific biochemical analysis of muscle tissue will pinpoint the metabolic block in several of the disorders.
Congenital Myopathies
These disorders are characterized by generalized muscle weakness, often present since infancy. Infants may be hypotonic, and children will have delayed motor milestones. The weakness is often static and nonprogressive with no predilection for either proximal or distal musculature. Diagnosis is possible only with muscle biopsy as the clinical features do not allow precise differentiation of these disorders from other primary skeletal muscle diseases.
Tests in Neuromuscular Disease
The creatine kinase (CK) blood test shows a modest to profound elevation in virtually all primary muscle diseases, as well as in some neurogenic disorders. It is quite sensitive but equally nonspecific. Electromyography is useful for differentiating myo-pathic and neurogenic causes of weakness, but also is nonspecific except when myotonia is detected. Muscle biopsy is by far the most useful test in establishing the specific type of primary muscle disease as most disorders possess reasonably specific histochemical and morphologic abnormalities.
Genetics of Neuromuscular Disease
Virtually all primary diseases of muscle are genetically determined, the lone exceptions being inflammatory disorders. The genetic pattern can be useful for diagnostic purposes and is vital for counseling affected patients or parents on family planning.
Autosomal dominant disorders express themselves in roughly 50% of individuals in each generation, although variable penetrance of a gene may confuse the issue. This is particularly true of FSH and myotonic dystrophy, in which mild symptoms may be unrecognized by the family and only discovered when &dquo;normal&dquo; relatives are brought in for examination. As gene locus identification technology becomes available, the detection of unaffected patients destined to develop the disease should be possible.
Muscle disorders showing an autosomal recessive mode of inheritance are essentially confined to a single generation. In these families, there is a one-infour chance that each subsequent pregnancy will produce a child having the disease. With X-linked dystrophies, each child of an affected mother has a 50% chance of acquiring the abnormal X chromosome from the mother, but only males can develop the disorder. Physical Therapy, Bracing, and Surgery z Patients with muscle diseases benefit from a daily exercise program that emphasizes stretching to maintain a full range of motion about each joint.
Contractures occur because of habitual postures and unopposed muscle action. If there is loss of flexibility at a joint, a patient will experience further difficulty in all activities of daily living. In most cases, the patient or family can be taught an exercise program to be performed twice daily. Stretching is easiest after the patient's skin temperature is elevated after a hot bath or shower. All stretching should be performed gradually, since sudden, jerking movements can produce painful injuries.
All muscles respond in a graded fashion to exercise stress, whether they are diseased or normal. In normal individuals, most daily living activities require muscles to perform at 20-35% of maximal tension.
Strengthening occurs if 35 % of maximal tension is exceeded, and atrophy develops if muscle contractions fall below 20% of maximal tension. In any individual, excessive work performed near maximal tension may produce varying degrees of muscle damage.
In muscular disorders, the window of therapeutic effectiveness is reduced. There are fewer muscle fibers so that only a submaximal exercise response is possible. In addition, the remaining muscles work harder to achieve a given response, and therefore are susceptible to overwork and even damage. In prescribing an exercise training program, we stress activities which improve endurance, such as swimming, bicycling, or walking, and discourage heavy weight training. It is important to establish enough activity to maintain baseline strength but not to set unrealistic goals outside the patient's window of therapeutic effectiveness. The exercise training program must be designed to meet carefully an individual's abilities and motivation.
It is often difficult to define precisely the amount of endurance and strengthening exercises a patient should do. Unlike stretching, where it is easy to monitor improvement in range of motion, real improvement in strength may be offset by further progression of the muscle disorder. In patients with relatively stable weakness, up to 50% increase in work capacity and maximal oxygen consumption has been recorded using a bicycle ergometer. In most cases, patients will not achieve this level of improvement, so that more modest goals need to be established.
With particular patterns of weakness, bracing and surgery can further improve function in a patient. The wide variety of procedures available are discussed according to the location of weakness.
Lower Extremity Weakness
Most patients with muscle diseases develop upper leg weakness, which leads to difficulties in walking, climbing stairs, arising from a chair, and maintaining an upright posture. A good example of progressive leg weakness is seen in Duchenne muscular dystrophy. Between the ages of 6 and 10 years, these boys develop hip flexor and gluteal weakness, with an increasing compensating lumbar lordosis. Coincidentally, weakness of anterior compartment muscles in the face of stronger plantar flexors pulls the foot down so that the child adopts a toe walking posture as well. To keep from bending forward at the waist in an uncontrollable fashion, the shoulders are thrown back so that the child's center of gravity lies behind the axis of the spine. With time, shortening of tendons develop in Achilles, hip flexors, tensor 206 fascia lata, and triceps surae. Despite a vigorous stretching program about the hips, knees, and ankles, tendon shortening continues, and these boys increasingly fall as a result of weakness and inability to maintain a stable center of gravity.
At this point, two options are available: either the child becomes wheelchair dependent or special bracing is employed to maintain ambulation in the upright posture. A polypropylene, vacuum formed knee-ankle-foot orthosis (KAFO) with drop locks at the knees (Fig. 1 ) can prolong ambulation for one or more years. If a child has fixed contractures (>5°p lantar flexion of the foot; >15° flexion of thigh or pelvis; >20° abduction of the thigh) then percutaneous surgical release of these deformities will be necessary before the fitting of the orthosis. Release of heel cords, iliotibial bands, bipolar tensor fasciae, and superficial hip flexors is followed by long leg plaster casts for 3 weeks, and then by orthoses. Ambulation must be performed immediately postoperatively while still in the plaster cast as a 3% loss of strength occurs for every day a patient is in bed. If a child does not ambulate immediately, he may never walk again. The help of an aggressive and knowledgeable physical therapy team is indispensable during this critical postoperative period.
With rare exceptions, bracing and surgery for thigh Recently, one group has recommended a reciprocating orthosis that allows limited ambulation in very weak patients. The biomechanical action of the brace causes the leg to swing ahead when weight is transferred to the opposite limb. Although this device has great theoretical promise, it has not proven useful in patients with primary muscle disorders.
Foot Weakness and Deformity
A variety of patients with muscular disorders have a high steppage gait owing to weak foot dorsiflexors. In many cases, their gait can be markedly improved with the use of polypropylene ankle-foot-orthoses (AFO) (Fig. 2 ). These lightweight orthoses fit into a patient's shoe, and if properly molded to the contour of the foot, will not cause callous formation. If a patient also has poor gastrocnemius-soleus control and weak quadriceps, it is usually preferable to use a metal AFO with an adjustable, locked ankle.
In cases with severe equinovarus deformities, it may be helpful to carry out a posterior tibial tendon 207 transfer, and, if there is associated bony deformity, a fascial osteotomy. Ordinarily, the patient will have to wear short leg plasters for 3-12 weeks after these procedures. Immediate postoperative ambulation is critically important to these patients. In children with advanced Duchenne dystrophy confined to a wheelchair, similar severe equinovarus deformities develop and may make the wEaring of leather shoes and boots difficult. A soft tennis shoe can usually be fit with little difficulty in order to protect the foot from cold and trauma. The foot deformity could be corrected surgically to allow proper foot apparel, but such cosmetic surgery is unnecessary if ambulation is no longer possible.
In order to maintain comfortable ambulation, a cavus foot deformity can be corrected by wedge osteotomies of the calcaneus and metatarsals or by a triple arthrodesis. If there are claw toes (hammer toes), resection of proximal toe phalanges will allow the toes to assume a straighter position, and therefore prevent painful callous formation. In all patients with foot weakness and deformity, meticulous foot care can avoid painful sores, infections, and callouses.
Knee Pain and Weakness
In the presence of severe quadriceps weakness, patients may adopt the maneuver of overextension of the knee (gellu recllrvat1l11l or &dquo;back kneeing&dquo;) to attain additional stability when walking. Unfortunately, repeated overextension can, in time, produce the painful condition chondromalacia patella. To treat this, a variety of knee braces can be prescribed that prevent the full back kneeing posture. But, as this slightly flexed posture of leg or thigh may not be maintained by a weakened quadriceps, the patient may experience frequent falls. Faced with the choice of knee pain or falls, the patient may opt for more time in a wheelchair. In some cases, an AFO that locks ankle motion will somewhat improve knee function and reduce pain.
Scapular Winging
In patients with facio-scapulo-humeral and scapulo-peroneal syndromes, overhead tasks are not possible because of serratus anterior and trapezius muscle weakness. As a result of the scapula not being firmly fixed to the chest wall, deltoid action to fully abduct the arm is hindered. In those patients who continue to have good deltoid strength, overhead tasks are possible after scapulothoracic fusion. Deltoid strength may be tested by holding the scapula forcefully against the chest wall while asking the pa-tient to raise an arm upward. If this improves deltoid range significantly, scapulothoracic fusion should be considered. Ordinarily, it is recommended that the scapula be fixed with its vertebral border less than 20° from the vertical. In some patients, the procedure is unsuccessful because scapular fusion fails.
Hand Weakness
In most patients with progressive muscular disorders, surgical correction of hand weakness and deformities is not recommended. Patients with finger flexion and extension weakness should be provided nocturnal splinting to prevent wrist and finger contractures and to preserve function. Adaptive equipment, including large handled utensils and writing implements, also improve hand function (Fig. 3) . In patients who have very weak hands but preserved shoulder function, a universal cuff that will hold eating and writing implements can be attached to the hand.
Neck Muscle Weakness
Many patients with weak neck muscles are at risk for &dquo;whiplash&dquo; injuries and may experience pain with sudden acceleration and deceleration movements in automobiles or wheelchairs. A variety of neck collars (Fig. 4 ) are available to provide head support and reduce pain. Ordinarily, foam collars are insufficiently rigid to provide adequate head support. A styrofoam collar (Philadelphia) is more comfortable, but still quite bulky and hot in summer months. Furthermore, this collar will worsen dysphagia. A lightweight rubber coated metal frame (Hallmark collar) is cooler and does not interfere with swallowing.
Ptosis
Patients with ptosis often tilt back their head for normal tasks requiring unimpaired vision, and may even resort to taping their eyelids open. A reasonable alternative for patients who wear spectacles is a wire loop attached to the frame (eyelid crutch) to hold the upper lids open (Fig. 5 ). Alternatively, permanent surgical elevation of the eyelids can be performed.
With all of these procedures, insufficient wetting of the cornea can occur owing to impaired blinking, which, in turn, can produce corneal ulceration. The ability to close the eyes tightly should be tested in any patient who is considering surgical elevation of the lids, as with severe weakness of orbicularis oculi muscles nocturnal blinking may be inadequate to Figure 3 . For patients witlr inadeguate strength to grasp, this apparatus can lrold a pencil or eating utensil so that it is possible to zvrite and eat independently. [From Ringel SP. Neuromuscular disorders-A guide for patients and their families. New York: Raven Press, 1987.] maintain moisture. Liquid tears or salve and taping of the eyelids closed while sleeping may be necessary.
Progressive Scoliosis
As paraspinal muscles weaken, a progressive curvature of the spine develops, producing an unequal matching of ventilation to lung perfusion, an increased physiological dead space, and reduction in both vital capacity and total lung capacity. The amount of abnormality is directly proportional to the degree of scoliosis so that patients with muscular diseases should be carefully monitored and at certain critical points, therapeutic steps taken to prevent further curvature.
Progressive scoliosis develops most often in children, particularly during their growth spurt. While ambulatory, the curvature usually remains minimal because of the beneficial effects of gravity and because the spine is hyperextended, therefore locking the posterior facet joints and preventing further lateral collapse. Once a child enters a wheelchair, hyperextension of the spine is difficult to maintain, so the curvature may progress quite rapidly as the child weakens. A wheelchair should be properly fitted to maintain an erect spine (Fig. 6 ). The chair should be narrow to prevent accentuation of scoliosis from (8) Press, 1987.] leaning to one side to gain arm support. Laterally placed scoliosis pads (Fig. 7 ) are quite helpful in maintaining an erect spine, and in patients with very severe deformity, a molded seat insert may be of additional benefit. Unfortunately, these seat inserts are often uncomfortable and poorly tolerated by patients with advanced curvature. In particularly hypotonic, weak patients, scoliosis may still develop despite efforts to optimize their position in a wheelchair. For those individuals, a thoracolumbar polypropylene body jacket (Fig. 8) is prescribed when the sitting scoliosis has reached 10°O rdinarily, the jacket should extend from the axilla to the iliac crest and be comfortably padded. A cotton shirt can be worn underneath the jacket to absorb moisture. These jackets should be removed during an acute pulmonary infection, as forced vital capacity and maximum voluntary ventilation are mildly reduced in any jacket.
Even with an adequate body jacket, the scoliosis will usually progress. When a curve of 40° is reached, spinal fusion and the placement of steel or silastic rods should be considered. A physician must take into account the natural history of the disease as well as the patient's level of disability before recommending such major surgery. In some patients, such as those with congenital myopathies and infantile spinal muscular atrophy that survive into their teen years, early spinal fusion is recommended to prevent further pulmonary decompensation from progressive scoliosis. On the other hand, in patients with Duchenne dystrophy, few have recommended surgery to date because of the inexorable downhill course of these boys.
If at all possible, it is best to delay scoliosis surgery until a child has passed his major growth spurt. Spinal fusion before then will prevent further spinal growth. The issue may be forced in any child whose curve exceeds 40° or in whom respiratory function is seriously impaired. Those children who have a forced vital capacity (FVC) greater than 70% of nor- Figure 8 . Spinal support systems. A tlioracolunibar polypropylene body jacket, wlrich extends from tlte axilla to the iliac crest, allows a more erect posture. 210 mal tolerate surgery well but lower FVC's are accompanied by increasing risks. If a child's FVC is less than 30% of predicted, it is almost certain that postoperative (and in some cases permanent) mechanical ventilation will be necessary.
A variety of procedures are performed to stabilize and fuse the spine. Most are performed through a posterior approach and involve wiring one or more rods to the spine. Extensive decortication and autologous bone grafting is often performed at the same time to accomplish an eventual spinal fusion. Harrington rods have two points of spinal fixation whereas the Luque procedure utilizes a more rigid segmental internal fixation system with coupling performed to concave and convex paravertebral bars at each lamina.
A pulmonary therapist working with the patient preoperatively teaches proper coughing and postural drainage positions. Postoperatively, this therapist's work is indispensable in preventing any long-term dependence upon a ventilator.
Management of Dysphagia and Respiratory Insufficiency
Patients with muscular diseases are at risk for lifethreatening pulmonary dysfunction at any stage of their illness, whether awake or during sleep. Such patients may suddenly develop respiratory failure. In severely weakened individuals unable to adequately ventilate the lungs, the physician must daily anticipate and treat pulmonary complications. Such a patient is compromised not only by weakened muscles of respiration but also by recurrent aspiration, an insufficient cough reflex, shrinking pulmonary reserve, and progressive scoliosis. Despite all of the potential complications, many are reversible and should be treated if the general quality of life is still acceptable for patient and family.
Evaluation and Treatment of Dysphagia
Pooling of saliva and food in the pharynx can result in unrecognized recumbant aspiration, and should be suspected in any patient who coughs while eating or who develops unexplained recurrent pneumonia. Videofluoroscopy should be performed to determine the efficiency of chewing, swallowing, pharyngeal contraction, and to detect aspiration. In patients who are not aspirating but who have difficulty swallowing, a dietician should monitor caloric intake and weight loss and instruct the patient in preparation of easily swallowed high-calorie foods. A speech therapist can often reinforce proper swallowing techniques as well. For those patients who have copious saliva, a variety of anticholinergic medications will decrease salivary flow, but unfortunately, these also delay the swallowing reflex, thicken secretions, and may worsen symptoms. Alternatively, amitriptyline diminishes secretions somewhat and has more tolerable side effects.
All families should be instructed in the Heimlich maneuver. In those patients who are unable to maintain adequate nutrition or who continue to aspirate, a variety of methods can be used to provide adequate caloric intake. These include a nasogastric feeding tube, pharyngostomy, or gastrostomy. In our experience, gastrostomy is the most successful. A nasogastric tube stimulates secretions, increases the risk of aspiration, results in pressure ulceration of the nasal and pharyngeal mucosa, and for these reasons is usually only a temporary measure. Careful attention to the maintenance of an optimal body weight is a vital part of treating primary muscle disease. In overweight patients, a weakened muscle must carry an even heavier body load, so that weight loss can improve strength. Alternatively, excessive weight loss from dysphagia will cause further weakness from protein malnutrition. A patient's weight should be closely monitored, and the diet supplemented if there is greater than 5% weight loss. A variety of liquid supplements are available that are easily swallowed and provide total nutritional requirements.
Evaluation and Treatment of Respiratory Insufficiency
Patients with neuromuscular weakness have difficulty expanding their lungs completely, so that small lung volumes and decreased flows are recorded. The result of this underinflation of the lungs is both atelectasis and airway closure. In areas of the lung that have decreased ventilation with continued perfusion, blood is shunted from the right to the left side of the heart, and progressive hypoxemia results. If accessory muscles of respiration are needed to maintain normal levels of ventilation, less efficient breathing and increased oxygen cost results. With continued reduction in total alveolar ventilation, CO2 retention occurs.
Spirometry reveals a restrictive pattern in which there is greater decrease in the forced vital capacity (FVC) than in forced expiratory volume in 1 s (FEV-1). An even more accurate test of respiratory muscle weakness is the recording of maximal inspiratory and expiratory muscle force, as these pressures are not reduced in intrinsic pulmonary disease. If facial weakness is present, a tight fitting mask should be substituted for a mouthpiece to obtain accurate information.
Patients with a variety of muscular diseases, particularly acid maltase deficiency, myotonic dystrophy, and the ocular myopathies, may have a diminished ventilatory response to decreased oxygen tension or increased C02 tension. These patients complain of restless sleep, snoring, daytime somnolence, decreased alertness, and early morning headaches. In such patients, a polysomnographic study (sleep study) should be done. Central chemoreceptor hyporesponsiveness may also cause sudden respiratory failure in patients who do not otherwise demonstrate sufficient weakness to account for respiratory embarrassment. A variety of medications are beneficial in patients with alveolar hypoventilation, including dichlorphenamide, progesterone, and methylxanthine compounds.
Acute respiratory failure may also develop if a patient has predominant diaphragmatic weakness. Patients complain of increasing shortness of breath when reclining as abdominal contents push against the diaphragm and cause paradoxical respiration. Fluoroscopy may detect diaphragmatic movement while attempting to sniff but is often inadequate to assess diaphragmatic function.
A new approach to improving respiratory function is so called &dquo;inspiratory muscle training&dquo; (Fig. 9 ). This is accomplished by having a patient breathe against an inspiratory resistor for 15 min twice a day. The degree of resistance is gradually increased over time. Rather than using conventional incentive spirometers, some of which are expiratory and promote microatelectasis, inhaling against progressively harder inspiratory resistors appears to be more efficacious. It is important that a patient's progress be monitored Figure 9 . Respiratory muscle exercise. The patient inhales through successively smaller holes (1) to strengthen inspiratory muscles. A low resistance valve allows easy exhaling (2). An optional oxygen port is available (3). carefully since overzealous use of this technique can cause respiratory muscle exhaustion.
Although inspiratory muscle training and other respiratory therapy techniques that use positive pressure may result in modest increases in pulmonary function, they have not been shown to alter the prognosis of a patient with a progressive muscular disorder. A relative or health care provider should be taught proper techniques of daily postural drainage with chest percussion to clear obstructed airways and prevent microatelectasis in patients with chronic respiratory failure. Although low-frequency pacing of the diaphragm will help patients with respiratory paralysis from traumatic quadriplegia, it has not been helpful in patients with muscular diseases.
Active pneumonia may be overlooked in a weak, wheelchair-dependent patient. In such individuals, clinical examination may fail to detect abnormalities so that a chest x-ray is mandatory at the first suspicion of pulmonary infection. Aspiration pneumonia has a predilection for dependent lung segments, particularly the posterior segments of the upper lobes. Lesions are pyramidal shaped, with the apex toward the hilum. After obtaining a Gram stain and culture, antibiotics should be started if a pulmonary infiltrate is seen. The most frequently found bacterial organisms are Hemophilus influenzae and Streptococcus plleu11lolliae. Ninety percent of cases of aspiration pneumonia involve anaerobic bacteria. Failure of the pneumonia to respond to antibiotics is usually mechanical (atelectasis) and will require bronchoscopic intervention. Prophylactic immunization for influenza and pneumococcus is recommended for all debilitated patients.
Because most people fear the long-term use of &dquo;respirators,&dquo; their initial reaction to the suggestion of long-term mechanical ventilation is usually negative. However, if a patient's weakness is so profound that they cannot breathe without ventilatory assistance, many will reconsider the use of home ventilation. There are a variety of support systems available, including gravity units, negative pressure ventilators (Fig. 10 ), and positive pressure ventilators (Fig. 11 ) .
With a gravity unit such as a rocking bed, abdominal contents are pulled away and pushed toward the diaphragm to produce air movement. The bed will assist nocturnal respiration in patients with mild respiratory muscle weakness but is not forceful enough in cases with advanced respiratory insufficiency.
Negative pressure ventilators, including a chest currass and pneumowrap (Fig. 10 ), produce an external negative force around the chest wall, so that Figure 10 . Negative pressure ventilator. As air is removed from under a thoracic shelf ttre clrest expands more rapidly. The body and shell can be el1closed in plastic (pmu11lowrap) for a better air seal. air is pulled into the lungs and expelled passively by elastic recoil of the lungs. These negative pressure ventilators work well for nocturnal assist and do not require tracheostomy, but they are inadequate for advanced respiratory insufficiency. Patients must remain supine while using negative pressure ventilators, and a good seal must be maintained, so that a negative force will persist.
Positive pressure ventilators are either volume or pressure controlled and require a tracheostomy. The volume controlled units are versatile and accurately deliver an exact volume of air. The pressure ventilators set the amount of pressure and the rate, so that the tidal volume is indirectly set. The pressure units are more compact, less expensive, and easily adapted for power wheelchairs (Fig. 11) .
A physician should talk in detail with a patient and family before recommending ventilatory assistance. Critical considerations include third party Figure 11 . Motorized wheelchair zvith portable positive pressure ventilator. Note hose connected to tracheostomy (1); portable oxygen (2); ventilator (3); battery pack (4); and variable speed and direction cotttrof (5).
payment, family and community support systems, vendor contacts, and education of patient and family. Currently, few extended care facilities accept ventilator dependent patients, and many insurance companies refuse to pay for long-term mechanical ventilation of outpatients.
Aids to Daily Living
A variety of assistive devices are designed to augment home care and daily activities. Although they do not improve a patient's strength, they often allow the individual to maintain function in a variety of circumstances. These devices should be ordered to correspond with a particular patient's needs, capabilities, and limitations. As the majority of physicians do not receive adequate training in identifying, prescribing, and fitting assistive devices, physical and occupational therapists should be consulted, so that the full range of possibilities are brought to the patient's attention.
Mobility
A variety of manual and power-driven wheelchairs (Figs. 6, 7, and 11), scooters (Fig. 12 Press, 1987.] comfort. Trunk support provided by a standard wheelchair helps to avoid scoliosis and is often most desirable for patients with spinal muscular atrophy and Duchenne dystrophy. In patients with more restricted dystrophies and less profound weakness, the new scooters and lightweight chairs may be ideal. Reclining chairs provide intermittent relief of sitting pressure and diminish the need for bed transfer.
Bathroonl
Adaptive aids can make it possible for independent bathing or toileting to be performed safely, even in patients with moderate weakness. A raised toilet seat (Fig. 13 ), grab bars, high bath and shower chairs, and a flexible shower hose are all helpful. With more severe weakness, a transfer bench or hydraulic lift may be necessary along with the assistance of a relative or home health aide. &dquo;
Dress, Eating, aiid Homemaking ' Modifications in clothing (velcro fasteners, elastic waistbands) and adaptive aids (zipper pull, button hook, sock aid, long-handled shoe horn) make dressing easier. A raised tray or ball bearing feeder allows independent eating, even with moderate shoulder and arm weakness. Large handled utensils (Fig. 3 ) are easier with reduced grasping strength. A universal cuff is necessary to hold an implement when there is no active grasp (Fig. 3 ). Many assistive devices make cooking easier. Figure 13 . Raised toilet seat is portable for travel and helps a person with lzip nruscle weakness come to a standing position more easily. The securely fastened grab bar (left) should be used to support weight rather than tlte toilet paper dispenser (right). [From Ringel SP. Neuromuscular disorders-A guide for patients and their families. New York: Raven Press, 1987.] For those who have difficulty getting out of low seats, simply raising the seats on wooden blocks will assist the patient in coming to a standing position.
Because there are a myriad of other devices available, a patient and family should seek counseling from occupational therapists who are experienced in recommending such implements. These therapists can also teach many work simplification techniques which are energy-saving adjustments to daily activities.
Adjusting Emotionally to Disability An individual's adjustment to a muscular disease depends on the actual physical impairment, the individual's response to that disability, and the environment in which the person lives and works. The outlook that a person has on life, particularly his attitude toward illness, will profoundly affect the course of the disease. This attitude is not newly acquired at the time of a diagnosis of a disease but rather is a summation of a person's adjustments throughout life. Such lifelong responses are deeply entrenched and difficult to change, yet patients with chronic disabilities need to be flexible, particularly in the face of progressing muscle weakness.
When a muscle disorder is initially diagnosed, the patient's greatest concerns are vulnerability, loss of independence, and loss of self-esteem. Their first response to these anxieties may be to develop several maladaptive actions, including depression, denial, isolation, and anger. The goal for disabled individuals is to accept the illness and to make constructive adaptations to replace maladaptive responses. Such changes will undoubtedly alter family roles, friendships and social life, but a rich quality of life can be preserved for people with these chronic disorders. Individuals must learn to rely in new ways on family and friends and develop a positive view of this interdependence. The stresses on a marriage can be enormous if one of the partners has a chronic disorder. Disabled individuals must learn to overcome the anger they feel at their helplessness and must not always focus on their disability. A spouse must learn not to develop a relationship built on guilt.
Society's reaction to people with physical disabilities in many respects has more profound impact on their well-being than do any actual physical limitations. Although unnecessary obstacles persist for the disabled in all major aspects of life-educational, vocational, and recreational-many positive changes are occurring to reverse the social isolation and stigmatization of the disabled. Of central importance to this changing process are the patients, their families and health professionals, all of whom must be com-214 mitted to improving education, employment, and assistive programs for the disabled. Positive interactions in community and school settings should allow for the development of a new generation of citizens less encumbered by the previous generation's prejudices.
